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Basic features of regulation of expression of the genes en cod tog the cellulase s of Hie filamentous fan gun 
Trichoderma reesei QM9414, the genes chht and cbh2 encoding celtobiohydrulascs and the penes egtl, egtl and 
tglS encoding enduglucanases, were studied at the raRNA leveL The cpllnlase gene? were coordinately expressed 
under all conditions studied, with the steady-state mRNA levels otcbhl being the highest. Solfca Hoc cftlrolwa 
and the disaccharirfe sophnrose induced expression to almost the same level. Moderate expression was 
observed when ceilohiflse or lactose was used as the carbon source. It was found that glycerol and sorbitol do 
not promote expression hut, unlike glucose, do not Inhibit it cither, because the addition of X to % mM 
*ophorose to glycerol or sorbitol cultures provokes high cellulase expression levels. These carbon sources thus 
provide a osefol means to study cellulase regulation without significantly affecting the growth of the fungus. 
RNA slot blot experiments showed that no expression con Id he observed on gtu cose -containing medium and 
that high glucose levels abolish the inducing effect of sop ho rose. The results clearly show that distinct and 
clear-cut mechanisms of Induction and glucose repression regulate cellulase expression In on actively growing 
fungus. However, derepression of cellulase expression occurs without apparent addition of an inducer once 
glucose has been depleted from the medium. This expression seems not to arise simply from starvation, since 
the lack of carbon or nitrogen as such is not sufficient to trigger significant expression. 



A special feature of filamentous fungi and ccllulolytic bac- 
teria is the production of extracellular hydiolytic enzymes 
which provide them with the capability to use complex plant 
polysaccharides for growth. The major component of plant 
material, together with hemiccllulose and lignin, is cellulose. It 
consists of long polymers of £1 >4-litiXed glucose units, which in 
turn form higher-order fibrillar structures. Cellulose is to a 
large extent in a crystalline water-insoluble form in plant ma- 
terial, and its hydrolysis consequently sets a challenge for the 
saprophytes. The ccllulolytic organisms, bacteria and filamen- 
tous fungi, produce a set of enzymes which synergistitally hy- 
dro ryze crystalline cellulose to smaller oligosaccharides and 
finally to glucose. Because cellulose is the most abundant or- 
ganic carbon source on Earth, ccllulolytic organisms play a 
very important role in carbon turnover in nature. The cellulo- 
jytic capability may also play a significant role in the ability of 
fuDgaJ plant pathogens or antagonistic fungi to attack their 
target organisms. 

One of the most extensively studied cellulolytic organisms is 
the soft rot fungus Trichoderma reesei (reviewed in references 
23, 41, and 56). Hypercclluloryric mutant strains secrete large 
amounts of cellulases, the largest published amounts being 
about 40 g/litcr (9), and T. reesei therefore bas also consider- 
able industrial importance. The fungus produces a complete 
set of cellulases that are able to cleave the 01,4-gfycosidic 
bonds present in cellulose or cellulose derivatives. The eellu- 
lases arc generally classified as celtobiohydruJascs (CBH) (EC 
3.2.1.91)* which act as exoenzymes and release ccllobiose as a 
main product from crystalline cellulose; endoglncanascs (EG) 
(EC 3.2.1.4), which b*vc high affinity towards soluble cellulose 
derivatives and attack these by endoactton; and (s-gjueosidascs 
(EC 3.2.1.21). which hydro lysc ccllooiigo saccharides and the 
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disaccharide cellobiosc into glucose, providing the fungus with 
an easily utilizable carbon source for growth. Two genes en- 
coding CBHs, cbhl (50, 54) and chh2 (5, 55), four encoding 
EGs, cgil (38, 60), egl2 (46), eg[3 (63). and eg& (44. 45), and 
one encoding a p-glucosidase (2, 26) have now been reported 
from this organism. 

The fungus produces high levels of eellulases on media con- 
taining cellulose or complex plant material, on ccUobionolac- 
tone, and, to a variable extent, In the presence of the dteac- 
cbarides ccllobiose or lactose (reviewed in references 4 and 
23). Production is not significant when glucose, fructose, or 
glycerol is used as the carbon source. A high level of cellulase 
expression is obtained when sophorose. a molecule consisting 
of two glucose units linked by a pi ^-linkage, is added into the 
cultures (28, 37). This molecule could be formed from cello- 
oligosaccharides by the transglycasyl&tjou activity of EGI (3, 8) 
or p^glucosidase (16, 58). 

The fact that the major cellulase genes were cloned by dif- 
ferential hybridization showed that their expression is regu- 
lated at transcriptional level, and this has since been confirmed 
(1, 10-12, 31, 42). However, many basic questions still remain 
to be thoroughly studied, such as whether the expression of the 
different celhilases is regulated by a shared mecbatu&ro and 
whether a low level of constitutive expression of eellulases 
occurs under all conditions. Constitutive expression might he 
needed for the initial release of a soluble inducing compound 
from the highly polymeric cellulose, which would further trig- 
ger high levels of cellulase expression. It has not been thor- 
oughly studied whether mechanisms of true induction or re- 
pression are operating. The biochemical and molecular data 
available today is to some extent contradictory and has so far 
provided insufficient data to form the basis for further research 
directed toward, for instance, analysis of the functional regions 
in the promoters of the cellulase genes or the regulatory pro- 
teins involved. For these reasons., we have attempted to ad- 
dress some of the questions related to cellulase expression in 
filamentous fungi, and in this article wo describe an investiga- 
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tion at the mRNA level of the basic mechanisms of cellulase 
regulation in the filamentous fungus T. reesci, 



MATERIALS AND METHODS 

Strains and victors. T. read QMP414 (29) was used throughout the studies. 
Plasmids pTTcl, pTTc9 (40), pTTcll (39).pMSl (46), pASl) (44, 4.1) and pSV3 
(61) were used as a source uf the qnxUk prunes tirt Lht cMi, cWii. ejf//, ttffl 
<#£T, and /tfJM g0KO5, rosjViCtively. Thp J. rrrjeri wctjrt genO (?M) jmihu wax 
iiinpbficd from chromosomal DNA with acqucncc#pcdfic primer?. 

Shake Bank cultivations. The minimal media (MM) used consorted of 3% 
(lactose) or 2% carbon sources (glucose. ccllobiosc. sorbitol ot glycerol: when 
more than one car Son source was used, the concentration of each was 1%), 

FcS0 4 * 7H t O. O.0OM<S% MnSO + • H*O t fJ.0001416 ZnS0 4 ■ 7H.O, and 
0.0003796 CoQ 2 ■ GH^O. Ad organic nitrogen source, 0.2% protcoAC peptone, 
was used in addition to ammonium when indicated A total of li) 7 T. nxsti 
UMV414 spore*, coitocifld Irom culture* tfown tul ghiCifee *l0re4 in 
cr/ccrol ol -70PC, were inoculated into 50 ml of the medium io a 250-ml conical 
flask and grcxvn at 28°C with shaking at 200 rpm. Four parallel Rasta were 
inoculated for each mtdlum and time nuint (14 Ui 92 h); the gfttwth uf the 
ranjjus, the pet. Mrf the sugar conwnnprton were analyzed; and RNA wra ex* 
tractcd. 

Cultivation on ccUulmc-contnmiag medium was done under Die condition* 
described above. The fungus wuj*. grown for 49 h in minimal medium supple- 
mented whh I % SoEra floe cclhilnsc and ^2% peptone. At thai lime, glucnsc was 
added to 2%, and as a control, Solka floe cellulose was added to 1% final 
concentration, and the incubation was continued for 13 h before the mycclia 
were harvested. Additional control nrycetj ware grown far 72 h on Solka doc 
cellulose and tor A9 h on 1% Solka floe cellulose. 

The cultivation* in which suphorirti: wax used a* an rndumr wute purrutnusd as 
follows. A total of lfl 7 spores were inoculated into ,10 ml of a culture medium 
containing cilhrr 5% gliicnse, 2% v»rhiM. or 2% glycerol and grtiwn for ."57 b 
(glucrou) tit 72 a (glycerol <>r Kvrbiu.il); I mM wiph/TOPu wii»s juty'ed at Ibiil lime 
and 10 b Inter, and mycclio were harvested 15 h after the first addition. To 
monitor the time course of cMi mRNA accumulation, rnycclia were harvested 3, 
10, 24, and 48 h after addition of 1 mM sophorosc to sorbitol cultures. 

In the experiment designed to study the etfeci ot nitrogen or. carbon WajvatiOft, 
the fudgp* was pmwn to 250 ml nf MM vnpplcmcntcd initially whh 3% of ghtcosc 
in 24itcr ihakc flasks. At 4B h after Inoculation, mycclia from si* pamilol flasks 
were collected, washed, and transferred into three types i>f Frc^h metliie mcdrom 
similar to that used rnim t^c fcfdnomg, medium lacking the carbon source, and 
medium lacking the flromnniirm sulfate present normally in MM as the nitrogen 
MjuTce. The mcnhHtian whs continued fur a further 3 days. Samples fur RNA 
isolation, detennraabon of mycelial dry weight pH, and ammonia and glucose 
amounts in the culture medium wcro taken 24, ta, and 4A h after the inoculation 
and 2, S, to, 24, 4R, and 1% a after tbo transfer to the fresh media. 

Biorcactor cnlttatttmB. The Worcactoj cultivation on glucose was performed 
In a medium Initially ormtaiolng 6% glucose, n.i^i ytWl wtacu 11^ % Badrv 
Peptone. ft.4% KI1 3 PC> 4 . tl.4% (NH^JgSOj. i}JJ6% MgSO*. UX6% 0*a 2 . 
0.0005% FcS0 4 - 7H 2 0, a0001fi% MnSO„ ■ HiO, 0.00014% Zn50 4 • 7H*0. 
and 0.00037% CoC3a ■ 6tt a O in a 10-1 iter Kthrmc in a Crhcmnp CF 2000 biiire- 
aetrit at 29*11. AcrcnKtm was nt 30 liter«/min, and the pH was kept Above 4,0 by 
automatic addition of NH/JR The biorcactor was Inoculated with mycclia 
grown in glucose medium in shake final* ft* 24 h m g 1 -liter ▼nfuma. arid the 

gJuCOSC concentration in the inoculum wnj 0.9% at the time of inoculation. At 

2* h of cultivation, additional ycant extract (3 gyStcr) and Baeto-Pcptonc (5 
g/litcr) were added. Also. 12% glucose was fed to the culture to keep the level of 
glucose above 2% between 30 and 50 h of cultivation. The total amount of 
gluoroc given during this period waa A6S g. After that, the lungus was allowed to 
consume the remaining glucose from the medium. The total cultivation time was 
144 h. The consumption of glucose and the growth ol iha tungui were nwuu'tomd. 
and RNA was extracted at the time points indicated in Fig. S. 

The Morcactor cultivation on celhitosc n» performed in a U -liter volume in 
a Chomap rjp 2000 rHnreoctnr in the Rime medium aa the gtucnpc cull ivat inn, 
except tbtit glucose was replaced by 2% Solka Doc cellulose at 29°C for 24 h and 
thereafter at 33 fl C. Acreatlon waa at 30 Uters/min. The Initial pH was S.2 without 
adjustment and was kept above 4.0 by automatic addition uf Nl^OTI. The 
inoeuhim, i liter, wax grown in the Rime medium for 24 h. The cultivation was 
continued fix <T7 h. trnd samples for RNA isolation were taken during growth at 
20, 24, 29. 42. and f>7 h. 

AmrjalD of erewtb and cons traptSon of sugars and anmacna. The growth of 
the funguji in the 250-ml shake flasks was nh;axurcil by eealriruging thu can lent « 
of one Saak followed by lyophlHzatxOfl overnight From the hkwcHcUir culbvaticm 
on glucose medium and the 2-liler shake flasks, snnrplcs nf SO nr 15 ml were 
fuWd. Mwhwl ?md baked at 100%: overnight 

The yaxcprs left in the culture media were analyzed by high-pressure liquid 
chmrratogr.-mhy (HPJX). The glucnsc concentration in the biorcactor cultiva- 
tion was measured with the OOD-Pcrld test kit (Bochringcr Mannheim). The 
ammonium conecnimuVm was measured with the ammonia test combination 
(Bochrmpci Mannheim). 
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Northern hint unulynoi. Total RNA was extracted from the myccUa as dc- 
ncrihud prcvumaly (7> RNA was gryotylated (47), ruo in a 1% agarose gel. and 
ixjirrsfcrred u> Hyboiid N flykm flllcw (Amcmham). The hybrldiradons were 
ncrfnrmcd m a hymixurarinn sutuUm conlainJag 50% formamldc, 1 M NaO. 1% 
sndiam cktdecyl sulfate SDS, 10% dextran Sullatc. 100 fig of herring sperm DNA 
per ml, nod 2 to S x 10* com of the "P-labcHcd DNA probes, which were cither 
tulWcflgth eDMA (cWiJ, t#b. ond^^bi) or gene fragment {cbhl. (WJO hp: cM2. 
not) ho; euf/, finO hp: ejfi2. 820 bp; and ca. 680 bp) rjrobes* The RNA amount 
h Kided im the gel wns eonlmllod by acrldlnc orange staining. Hybridization 
signab (sec Pig. 2 and 3) were quantified with a Phosphorfmagcr (Molecular 
Dynamics), and ccHuIasc signals were DUTOuuutd to aclin levels fitr comparisons. 

Slot Wot analysis ef RNA. Total RNAs were diluted into appropriate concert- 
trations with water and glynxytalcd by adding the same volume of the glyoxal 
mixture (M). ATtut irtcuhautm Jur 1 h at 5tfC a dihnios series whk made and the 
samples were applied to a Hyhond N nylon filler by using the Bio-Dot SF 
Rtnilma armaraiv* (Bk>R^tl) ax specified by the manufacturer. Filters were 
hyhtidTzcd as described Cor the Northern blot analyses. The probe fragments 
were amplified by PCR with Apcdfic prtecrs to obtain fragments of equal length 
ftnm each gene, and these were tnhellcd to a tdmilir xpedftc activity (.t x 10" 
cpm/ug of DNA). 

RESULTS 

Induction ot ccUulase expression. The media usually used to 
promote high celhilase expression arc based On mixtures of 
plant materials or cellulose. These materials interfere with the 
estimation ol dry weight and isolation of RNA and are also 
often undefined in nature, for these reasons, the first shake 
flask experiments were carried out on medium containing 2% 
cellobiose as the only carbon source, and the results were 
compared to those obtained with 2% glucose cultures Mycelial 
dry weight, pH, carbon, source utilization, and expression of the 
glycolytic phosphogrycerate kinase gene, pgkt. as a general 
control of metabolism (62) were analyzed regularly from the 
cultures. 

Ccllobiosc clearly induced the expression of cbhl (Pig. 1A) 
and. in a similar maimer, that of the other cethilase genes (data 
not shown) alter a rather long lag period. Reduced expression 
was observed at a later stage of growth, when glucose was 
accumulating although cellobiose was still present. No cellu- 
lasc transcripts were detected m similar cultures on glucose- 
containing media (Fig. 1C). The presence of an organic nitro- 
gen source has been suggested to be important for celtulasc 
production on Solka floe cellulose medium (25), and the effect 
of addition of peptone to ceJlobtose cultures was analyzed. 
This did not improve expression (Fig. IB); on the contrary, 
expression was barely detectable. This result indicates that 
peptone seems not to enhance induction per se, and the earlier 
reports on its positive effect on ccUulase production could 
instead be due to increased growth Of the fungus and subse- 
quent elevated celhilase levels in production conditions. 

It has been suggested previously (see Discussion) that col- 
lulasc expression would occur on carbon sources supporting 
only poor growth. The expression patterns observed in the 
ccllobiosc cultures would be in accordance with this: lower 
expression was obtained in the cellobiose-peptone culture, 
where growth was clearly more rapid than on the ccllobiosc 
medium in which ammonium was the only nitrogen source. 
However, no expression occurred in a similar shake flask ex- 
periment carried out on 2% sorbitol medium (Fig. 2, lanes 2 
and 3; Fig. 3, lane 1), where growth was also poor, even poorer 
than on cellobtose (data not shown). 

Additional studies showed that sorbitol may be used as a 
nnnrepressing, nontnductng carbon source. As mentioned 
above, no expression occurred on sorbitol medium but addi- 
tion of sophorose to the culture medium efficiently induced 
cellulanc expression (Fig. 2, lanes 2 to 4). Sophorose (1 mM) 
was added twice to the sorbitol culture, at 72 and 82 h, and 
mRNA analyses were performed 15 h after the first addition, 
when over 1 mM sophorose was still present in the medium. 
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Strong sophorose induction of the cellulases cbkl and cbh2 was 
observed, and egtl. egl2, and i#JS were also induced, although 
less efficiently. No mRNAs could be detected at different 
stages of growth without addition of the inducer (Fig, Z, lanes 
2 and 3). Also, the presence of 2% ceUobiose in sorbitol cul- 
tures from the beginning of the cultivation provoked some 
cellulssc transcription (Fig. Z lane 1), and this level was com- 
parable (data not shown) to that obtained in the cultivations 
carried out on ceUobiose alone (Fig. 1). 

That prolonged strong sophorose induction of cellulases can 
be obtained by adding small amounts of sophorose to sorbitol 
cultures under the above-mentioned conditions was further 
shown in a separate set of experiments in which the time 
course of sophorose induction was investigated (Fig. 3). Mod- 
erate cbhi, cbhl^ egll, and egi5 expression was detected 3 h 
after the addition of sophorose, and the raRNAs continued to 
accumulate and remained Abundant until at least 48 h. Sopho- 
rose induction ategl2 was observed in a longer exposure. These 
Steady-state mRNA levels are comparable to those obtained 
when Solka floe cellulose is used as the sole carbon source as 
shown in Pig. 2 (lanes 4 and 10 to 12). 

The finding that sorbitol can in practice he considered a 
neutral carbon source for cellulase expression prompted us to 
study the nature of glycerol in this respect Sophorose was 
added twice to 7% glycerol cultures in a similar manner to that 
described above for the sorbitol cultures. A high level of cel- 
lulase expression occurred; the data for the five cellulases are 
shown in Fig. 2, lanes 5 to 9. Sophorose induction of cellulases 
was observed in cultures containing 5% sorbitol or glycerol as 
well (data not shown). Thus, both sorbitol and glycerol can be 
considered "neutral" carbon sources with respect to cellulase 
expression in contrast to glucose (see below). 

The comparison between the RNA samples collected from 
the different growth conditions presented in Fig. 2 revealed 
that the highest expression levels of all the celmlase genes 
studied were reached in glyceroKsophorose cultures, closely 



followed by Solta* floe cellulose and 9orbitol-sophorosc (Fig, 2, 
lanes 4 and S to 12). The differences between these highly 
induced conditions were two- to fourfold. In the sorbitoUcel- 
lobiose cultures (Fig. 2, lane 1), the expression levels were 
about 30-fold lower than under the highly induced conditions. 

Relatitfi fctprtAftinn levels of the ceRulasej. To Study in more 
detail the relative transcript amounts of the cellulases cbhl t 
cWj2, and «g/7, which arc considered the three major cellulases, 
RNAs from mycelia grown under different inducing conditions 
were compared by a slot blot analysis with probes of the same 
length and specific activity. Figure 4 shows the results from the 
shake flask cultivations carried out on sorbitol -sophorose me- 
dium and on 3% lactose medium, Also, samples from a biore- 
actor cultivation on Solka floe cellulose containing medium 
were included in the analysis. The steady-state mRNA levels of 
cbh} were the highest of the cellulases under all conditions, 
followed hy chh2 and tgll. chhl mRNA was approximately 1.5 
and 3 times more abundant than chh2 and egll mRNAs. re- 
spectively, as determined by laser scanning densitometry., al- 
though the visually estimated differences seemed larger (Fig. 
4). The mRNA levels oo lactose medium remained clearly 
lower than on sorbitol-sophorose and cellulose media, with the 
difference in steady-state mRNA levels between lactose and 
cellulose being about 60-fold. In a separate slot blot experi- 
ment, the expression level obtained on the 2% ceUobiose me- 
dium was shown to be comparable to that of the lactose culture 
(data not shown). This is well in accordance with the 20-fold 
difference reported at the protein level between cellulose and 
ceUobiose cultures (27) and the estimations presented above 
based on results m Fig. 2. Ir is noteworthy that as observed In 
the shake flask experiments (Fig. 2), the induction levels after 
15 h of sophorose induction approach those Obtained on Solkn 
floe cellulose medium after 20 b in a bioreaetor. 

In the bioreaetor cultivation on Solka floe cellulose medium, 
the cellulase transcript levels were clearly higher than the 
mRNA levels of the phosphoglycetate kinase gene, pgkl, h> 
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FIG. 2. Induction nt cAAi. cAA2, tgft, ex/2, nnH q# expression by nophorrwe 
and cdlobiosc in culture* containing surNml and glycerol and repression fa the 
presence of glucose. RNA wis isolated from mytdia gn>wrt on meilii corn anting 
2% sorbitol ph» 2% CClteWrtW (lane 1). 2% sorbitol (lanes 2 In 4), 2% glycerol 
(lance 5 lu 9). Softa Ikic txllulim! (lnn«t V> in J.3), in* 5% rIouvc w the train 
carbon source AddnJunnl «rrbon sources (a.cj.) were Added to rejected 

cultures ,n follow*; 1 mM *nphnmsc (*) was added to snrtiLtol and glycerol 
culture* at 72 and ?2 h and to glucose cultures at 57 and 67 h. Mycclia were 
collected IS h after the flrat addllinrt Glucose (&} was added to 2% and Solta floe 
cellulose (rt) w» added lo frnal cnjKcntmtinn at 40 h nf loo ecihilo»*nscd 
cultivation, and the mycdia were collected 15 h Jatcr. A 5 -fig portion or total 
RNA was loaded onto the cel. Four Identical Wot* ware prepared and hybridized 
simultaneously with the cctltitn.se probe*, chhl. chh2, and qtfl probca were of The 
name length and rpcafic activity ( I x 10 P cpm/u^); cifiGU and cgtf probes were Icm 
uciive {t x 10 s cpm/iAg). Control hybridization* with an actio probe (ox/) were 
done after stripping the racmbnmcn. and the reseh b ihown for one of the gels 
together wf th the acridine orange JtaJnlne (ao). The Alters were exposed for the 
«une time (fuur top panels). Longer expusuru* <»r the trndoglucajtsKi; hybridisa- 
tions arc shown In the two lowest panels, Lanes 1, wrhHol phw ccllubi une, 72 h; 
2. sorbitol. 72 h: 3, ynhitnl, 87 b: 4, sorbitol plus sophorosc, 87 h; 5, glycerol, 72 h; 
6. glycerol. 87 h; 7. glycerol 92 b; 8, glycerol plus sopharnsc 87 h: 9. glycerol pins 
sophorosc 92 h: 10. 3% Sollca Hoc cdlulosc. 72 H; II. 1% Solkn floe ecttutosc, 
40 h; \2, \% r/Ju? 2% SoUca floe cclhdnac M h; 13, \% SoDta Hoc cellulose pros 
2% glucose: 14* 5% glucose „ 72 h. 15. glucose plus sonhurtixc. 



volved in glycolysis, with the difference between cbhl and pgkJ 
being nrughly 50-fold. On the other hand, on ccltobiose me- 
dium, where Induction of cellulases is weaker, the steady-state 
e*pr£tt<od level of pgkl exceeded that of the celhilases (data 
not shown). 

GIncose repression of celrul&fie expression Date from the 
shake flask cultivations showed that glucose acts as q repressor 
Of cellulase synthesis at the transcriptional level. No transcrip- 




FIG. 3. Titne course itf cAft/, chh2, egll, ejjt2. and q& jnRNA accumulation 
aftci snphorouc nddirian to 29* sorbitol Cultures. Iflcub&xlon wm carried out for 
72 h on snctiitol: then 1 mM wiphmnse Was added, and RNA waft Isolated at the 
time points indicated nflor sophofosc addition (3, 10. 24. and 48 b) and before 
Fipbnnire addition (-). Nnrthon Mot analysis was performed exactly as de- 
Fcrihcd m. tho legend to Fie- 2 and hybridised with the probes indicated on the 
left, The 5ltcm wctc exposed for the smnc time (four tcni panels). A longer 
exposure Is Included to demonstrate the cj>}2 fignal (lowest panel). 



(ion was observed if sophorose was added to a glucose-based 
culture (Fig. 2, tones 14 and 15). The repressing action of 
glucose on cellulase expression was further shown by addition 
of glucose to fully induced cellulose -based cultures (lanes 10 to 
13), which resulted in the diteppcarance of the cellulase tran- 
scripts. 

To address further the question of possible low basal levels 
of expression on pure glucose, T. reesei QM9414 was grown in 
a bioreactor (Fig. 5). This allows the glucose level to be care* 
fully controlled and several RNA samples to be analyzed at 
different time points of the culture. No signals with the cellu- 
lase probes cWif , cWtf, and egll were detected in Northern. blot 
analyses at different time points when glucose was present In 
the culture (Fig. 6, time points 35 to 75 h). However the 
presence oE low constitutive expression levels cannot be nec- 
essarily excluded on the basis of a regular Northern blot anal- 
ysis, and for this reason a sample from the 35-h time point was 
included in the same dot blot analysis as described above (Fig. 
4). No cellulose transcripts were detectable, even when over- 
loading the analysis with RNA. Comparison of the different 
culture conditions shows that the steady-state cellulase tran- 
scripts would be at least 1,000-fold (in the case of cbftl, roughly 
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FIG. 4. Slot blot analysis on *teady*late cclMwc ttanscript levels produced 
under various culture euntfiricms. Tm?l RNA (0.74 to <H) jig) Irora glucose-grown 
myeclia (A) (hioroftrtiir cultivMOon, 35 b). total RNA (9 to 7fl0 ng) from Solka 
floe cethilrae-flrftwn fB) (tnnrwrctrvr cultlvntiniv 20 h) and snrhjinksr^hnrme 
grown (C) (shake fin** cultivation, 15 h alter sopboroac addition: tntnl time. 
87 h). myccUa, and total RNA (27 m 2200 n$) from lactose-grown rayed ia (D) 
(shake flask. culUvatitm, 9A h) were loaded. Cdhuasc probes ot equal toagltk wctp 
labelled ui ihc jame specific activities and arc indicated on the right by numbers: 
Lcn/rJ;2.cWi2.3,«flM. 



6,000-fold) more abundant in the bioreaetor cultivation on 
Sotka Roc cellulose medium than in the bioreactor cultivation 
on glucose, provided that expression occurred on glucose but 
was not detectable by the method applied. Addition of an 
inducer did not change the situation, since no mRNA was 
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FIG. 6. Northern hint analyse* of cvprcadpa «f the ccllutpse gene? cbhl, 
ehh2 t «rad qtfj during bioreaebxr cultivation of ^Juotk containing mcdhim at 
different time points. For compnmon. samples from a Solka Boc cellulose cul- 
tivHiiun in k biorviiutcr (20 h) arc ?htwn on the right Tolnl HNA at 0.125 to 1U 
u£ was loaded onto the gel as Indicated above each Ibdc. 



detected when 60 peg of RNA from the previously described 
5% glucose-soph orosc qhakc flank cultivation (Fig. 2, lane 15) 
was analyzed in a similar dot blot analysis (data not shown). 
These data show that glucose repression of cellulase expression 
is strong in T. reesci QM9414. No cellulase mRNAs were ob- 
served when RNAs were analyzed similarly from the fungus 
grown on sorbitol medium (data not Shown). 

Analyses of multiple RNA samples from glucose-grown my- 
eclia have always produced negative results with cbhl t cbh2, 
cgll, and egl2 probes. This bap usually been the case with egl5 
hybridizations, except that in a few cases a positive signal has 
been detected (data not shown), and the significance of this 
observation should be studied further. 

The fungus was allowed to consume the glucose completely 
in the bioreactor cultivation described above (Fig. 5), and 
RNA samples were also analyzed from this period. Surpris- 
ingly, after a lag period of roughly 45 h after glucose depiction 
from the culture, relatively high levels of cfcfc/, cbh2, and egtf 
mRNAs were detected in the Northern analyses (Fig, 6). The 
mRNAs were already slightly visible at the 100-h time point, 
although they were not detectable with the exposure time 
shown in Fig. 6. At the 125-h time point, the expression levels 
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FIG. 5. HfccreiieUir cultivation on glun wtMAmumiint medium. The glucose concentraUoa in the medium (solid line) ami the dry weight of fungus (dashed line) were 
measured, and RNA was Isolated at Iho time norms indicated by dots. Concentrated glucose solution wax fcd im*i the hiorencror between 30 and 50 h of cultivation, 
after wbich the fungus was allowed to eunKtnryi all the plocnsc irom the mcdrnm. 



PAGE 26/30 « RCVDAT 5/30/2006 3:34:37 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-3/15 * DNIS:2738300 % CSID:650 845 6504 * DURATION (mrtKS):1248 



05/30/2006 12:33 650-845-6504 



GENENCOR LEGAL 



PAGE 



Vol, 63, 1997 OTXUVASB EXPRESSION IN TRICHODERMA REESE! 1303 

A 

MM, 

*48 2 5 10 24 48 72 2 5 10 24 48 72 2 S 10 24 48 72 h 

cbM 



art * ^^•fW^ * - - " 




Tlmefh) 

FIG. 7. NurUwrn analysis on dWii expression (A) and course of the shake flask enluvauim!! (B) tm minima] medium and un media Ittckjnp rilheT a niuiigwl uc y 
carbon source. The Jungus was grmvn far 4ft It in minimal medium containing W g «f alnaxe per liter and l .5 q of ommnnla per titer (MMpJ. Thereafter, the myccBa 
wctc harvcrtcd, washed, and divided mui hc%h minimal medium xupnlamcnrcd with bath tfoaixB .tnd ammonia (MM— m ) and into minimal medium lacking nitrogen 
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were roughly 10% of those detected in the biorcactor cultiva- 
tion on the cellulose medium shown for comparison. This 
result demonstrates that cellulase expression can he obtained 
after glucose depletion without an apparent addition of an 
inducing compound. We had earlier observed that this kind of 
derepression also occurs in prolonged shake flask cultivations 
on. 2% glucose medium, especially If peptone is included, oc- 
curring then after about 24 h of glucose depletion (data not 
shown). 

To further study if carbon or, alternatively, nitrogen deple- 
tion as such is provoking cellulase expression, the fungus was 
grown in shake rlasks in a normal minimal medium supple- 



mented with glucose and containing ammonium sulfate as a 
nitrogen source In an active growth phase, the mycelia were 
washed and transferred into three different media, one the 
same as that used from the beginning (to serve as a control), 
one depleted of carbon, and one depleted of nitrogen (Fig. T). 
Expression of ehhl was not detected when analyzed at different 
time points between 2 h and 2 days afteT the transfer. Only 3 
days after the transfer, cbhl mRNA was produced in the con- 
trol cultures containing glucose and ammonia or in the culture 
containing glucose but depleted of nitrogen (Fig. 7A). This 
coincided wi th very low glucose levels in the medium. Expres- 
sion of cbhl was not detected in the culture transferred to a 
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medium lacking the carbon source (Fig. 7A). although, for 
instance, the starvation-inducibie hydrophobin mRNA has al- 
ready appeared after 2 to 10 h in the same experiment (34). 
The results obtained with cbh2 and eglj probes (data not 
shown) were identical to cbhl. The RNA yield was very low at 
the late stages of the experiment in the medium without a 
carbon source (Fig. 7B), indicating that there were only few 
viable cells, which made it impossible to continue the experi- 
ment any further. These results suggest that carbon starvation 
per sc is not sufficient to initiate cellulase expression, because 
complete removal of the carbon source from the medium had 
no effect even after 3 days of Incubation. 

DISCUSSION 

Cellulose and sophorose exerted the highest Jcvcfc of eclto- 
lase transcription in T, reesei QM9414, followed by moderate 
levels on lactose and cellobiose and no expression on glucose, 
glycerol, or sorbitol. The results give a general picture of the 
potential of cellulase expression on these different carbon 
sources and are in accordance with ccllulasc protein levels 
generally obtained The relative transcript levels of the differ- 
ent cellulase genes with that of cbhl being the highest, are aho 
comparable to the amounts of the specific proteins produced in 
the culture medium (16). It was suggested previously (19, 27) 
that ccllulasc expression would not occur on carbon sources 
that promoted rapid growth, such as glucose and glycerol, but 
would he provoked on poor carbon sources, such as cellulose, 
cellobiose, and lactose. Our results do nor show correlations 
between growth and cellulase expression, a conclusion also 
reached by ethers (31). Rather, our results show that distinct 
mechanisms of induction and repression arc operating in the 
cellulase expression In TYichoderma. 

The results clearly show the strong inducing power of so- 
phorose when added at 1 to 2 mM to the culture: this was 
studied at the mRNA level previously (10, 12). Sophorose is 
consequently a good candidate for the natural inducing com- 
pound for cellulase expression. The reports on the use of 
cellobiose as a carbon source for cellulase expression are, on 
the other hand, to some extent controversial. Cellobiose has 
been considered a poor inducer (13, 15, 16, 37, 43) but is also 
to exert as good induction as cellulose if growth is kept slow 
and the level of cellobiose is kept low by controlled feeding of 
cellobiose into the culture (59). In the cultivations presented 
here, cellobiose promoted cellulase transcription to a moder- 
ate level comparable to that of lactose, which shows the induc- 
ing effect of cellobiose or of snphortttc formed from it The 
difficulty with this carbon source is, however, evident, as induc- 
tion is not immediate and seems to be variable depending on 
the culture conditions. The failure to provoke cellulase expres- 
sion could be explained, on one hand, by the lack of an induc- 
ing effect when consumed rapidly from the culture, as observed 
in this study in tbe presence of peptone, or, on the other hand, 
by the accumulation of glucose and subsequent glucose repres- 
sion of cellulase transcription. The inducing power could thus 
be dependent on the ratio between sophorose and glucose 
formation by p-glucosidase and their uptake from the medium. 
It is also likely that organic nitrogen sources such as peptone 
are used as both nitrogen and carbon sources (see also refer- 
ence 21) and could somehow interfere with cellulase expres- 
sion. 

As reported previously (10), no cellulase mRNAs could be 
detected in fungus grown on glycerol as the only carbon source. 
However, glycerol has not been previously studied at the mo- 
lecular level in the presence of an Inducer, and the literature 
available groups this carbon source with glucose as being a 
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compound inhibiting cellulase expression (see reference 21 for 
discussion). Our results clearly show that glycerol, as well as 
sorbitol, does not as such promote expression but does not 
Inhibit it cither, because addition of sophorose to glycerol or 
sorbitol cultures provokes high cellulase transcript levels. 
Thus, the cellular effects exerted by glucose and glycerol-sor- 
bitol are clearly distinct This is in agreement with the situation 
in the yeast Saccharomyces cerevistoe (14). Studies on cellulase 
regulation arc very much hampered by the fact that the most 
natural carbon sources promoting cellulase expression, such as 
cellulose, are also used for growth by the fungus. The use of 
glycerol and sorbitol as carbon sources now allow* powerful 
and rapid cellulase gene induction to be obtained in growing 
cultures with 1 to 2 mM sophorose without signj ficantly affect- 
ing the growth of the fungus. 

It is generally believed that small soluble molecules are 
released from cellulose and act as inducing compounds or are 
converted to such. To explain this initial attack, cellulase ex- 
pression has been suggested to occur constitutiveJy at low lev- 
els under all conditions including only glucose and no inducer 
as a carbon source, and evidence for this has been presented 
(10, 20, 22, 31). The analysis carried out in this work shows that 
glucose repression is tight, and the differences in mRNA levels 
between fully induced and repressed states are great in an 
actively growing fungus provided that the presence of glucose 
in the culture is carefully controlled. It is still possible, how- 
ever, mat biologically relevant mRNA levels remain undetec- 
ted in experiments based on steady-state mRNA levels if the 
mRNA turnover on glucose-based media is especially rapid. 
Mechanisms of glucose repression are in any case operating in 
the regulation of cellulase expression. We have recently shown 
by site-specific mutagenesis of the cbhl promoter that regions 
similar to the binding sites of the regulatory proteins MIG1 of 
$> cerevbian (35) and CREA of Asp&tfUu* nidnlarm (24), in- 
volved in glucose repression in these organisms, seem to be at 
least partially responsible in vivo for the glucose repression of 
cbhl (18). The TYichoderma equivalent nf creA, crcl, has re- 
cently been cloned (17, 52, 53). The demonstration that cellu- 
lase expression occurs on gluccQc^containing medium in the 
hyperccUulorytic T. rmei strain RutO30 and that thj* is caused 
by a mutant form of the err 1 gene (17) further confirms glucose 
repression of cellulase expression. The earlier reports pointing 
toward constitutive expression on pure glucose could be ex- 
plained by the use of the mutant strain Rut-C30 in the studies 
or, alternatively, by the release of glucose repression once 
glucose has been consumed from the medium. This kind of 
derepression was clearly seen in both shake flask and bioreac- 
tor cultivations carried out in this work. 

This capability of cellulase expression after glucose deple- 
tion, without the addition of an inducer, could provide the 
fungus with a survival mcdwnism under starvation conditions. 
Starvation has previously been suggested to induce cellulase 
synthesis (15). Interestingly, however, depletion of glucose as 
such was clearly not enough tn initiate cellulase expression, as 
demonstrated by a prolonged incubation of pregrown washed 
mycelium in a medium containing no carbon source. This sug- 
gests that some kind of induction is required, and this might be 
related to growth since cellulase expression occurred in cul- 
tures where growth had occurred (Fig. 7). It is possible that 
oligosaccharide molecules released from the cell walls of the 
starving fungu* act as inducing compounds or arc converted to 
them. It is also possible that sophorose or some other inducing 
sugar is formed from the glucose present in the culture by the 
transglycosylarion activity of the possible constitutive P-gluco- 
sidasc (51, 57) and will later exert induction after glucose has 
been depleted and repression released. The latter alternative is 
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supported by the fed that cellulase expression was not de- 
tected in myedia incubated without a carbon source but was 
detected in glucose-grown myceHa (starved or not starved for 
nitrogen) after glucose was depleted from the medium. How- 
over, no sophorose could he detected in the medium in the 
glucose-based biorcactor cultivation by HPLC, which indicates 
that j{ extracellular sophorose was present, its level was below 
the detection limit, 30 uJ4. Conidium-hound ccliulases (22, 32) 
could provide another means for the fungus to attack cellulose 
in the absence of an Inducer. No indication for conidiation was. 
however, observed at the later stage* of the cultivations pre- 
sented in this work. 

Earlier mutant data suggest that separate regulation could 
exist for fJ*ghicos1das«, cenoMorrycJrolases, and endoghi- 
canases (9, 33 t 36, 48, 49). Our data show that the major 
cellulascs, cellobiohydrolases I and II and the endoglucanascs 
I and n of T. nesei, are coordinate^ expressed under all the 
conditions studied. This also seems to be the case in the dere- 
prcsscd stage after glucose depletion- These results indicate a 
common regulatory mechanism which retains the proportions 
of these cellulases. This, however, does not contradict the 
possibility that specific regulatory mechanisms are revealed in 
a mutant situation which, in the wild-type situation, all con- 
tribute to the overall control, keeping it apparently similar tor 
all cellulascs under standard conditions. Furthermore, T. 
still produces at least one other p-elucosidase (6) and an ad- 
ditional endoglucanase, EOHI (63). Consequently, it is still 
possible that these cellulascs, EGV, or some yet unknown 
enzymes, escape common regulation and are more constitu- 
tively expressed, thus having the potential of immediate release 
of an inducer once cellulose is present. 

ACKNOWLEDGMENTS 

The first two authors contributed equally tn this work. 

The technical assistance of Scija Nordberg and Riitta Nurmi is 
warmly appreciated. Michael Bailey is thanked for the bioreactor cul- 
tivations. TSina Nakari-Setili is thanked for certain RNA samples, and 
Sirkka Kcrancn is acknowledged for useful discussions. HanneJe Vir- 
tanen and Marjulcka Perttula axe thanked for the HPLC analyses, and 
OQj Lappalainen is thanked for secretariat work. 

Financial support from Alko Ltd. and the Foundation fnr Biotech- 
nicsl and Industrial Fermentation Research (supported by Aiko Ltd.) 
» gratefully acknowledged. 

REFERENCES 

]. AJmJui^ J., C H* RnwwiL 5. BH5ojpu% F. Henrtajne-SUra, a Criv- 
cTIhto. and H. El-Umrj. 1995. Mitochondrial fimctirmj racdintc ccUuinie 
gene expression in Tnd\odam<\ rttxeL Biftthcmutry 34:10456-1<V4<S2. 

Z Barnett, CCR.M. Berks, «od T. Fowler. 199L Cloning and amplification 
of the gene encoding an extracellular 0-jlucosidnnc friim Tridiodemra tetMi-. 
evidence lor hnpnn^d rates ol'saixhiif juration ut veOokisfc siibsir»u«. Hte 
TcchnoJofty 7:562-567. 

y Bfcty, P., M VrsiMka, a** M Ctacyssens. JOOT. The codo-l^-griieanflse 
I from THctmdtmm kcmI: artlnn on P-1,4-oliporncrs and polymcrj derived 
from n^ncosc and o-iylose. Cut. ). Biochcm. 240-157-163. 

4. Scoria, v. s., and S. Mi thru. 1989, Regulatory asnccr * of crjfruasc Wosyn- 
thcii* imd secretion. CRC Cril Rev. Blotcchmil. WV1-103. 

5. Chen. Chl,M. Crifawfl, and D. W. Stalbrd. 1987. Nucleotide sequent? and 
deduced primary structure of cetlnhinhydrntasc II from Trichndcmm rtc*d. 
Blo/Technn|ogy 5:274-278. 

6w Caen, H., M. Ham. aid H. Kxtofoncr. 1991 Purification and characteriza- 
tion oi two cstracclluhr B-glucosldascs from Triekndarno recsti. Biochim. 
njophym Acta LUli'wWia 

7. CnlrffwiB, J. ML, A- E. Pnybyta, R jl MRcDonaid, and W. J. Rotter, 1979. 
Isolation or Mologrcalry active ribonucleic acid from sources rich in ribonu- 
cleic. Biochcm. J. 1*3294-5299. 

W. aneyuRans, M., H. van TUhcurgh, J. P. Kmmerflnjc J. Bert, TV1. Vrjaaoska. 
and P. Bidr. 1990. Smdfca on the crfhrtnlyric system of tho £huncntxm 
fungus TWcft/jrfcTmfl «e*r QM9414; substrate specificity nnd tranter activity 
of endogjoennnjw L Btochem. J. 270:251-256. 

9. Durand, a, M. Baron, T. Catnulu, and C. TimUy. 198*, Classical and 
molecular gencticy applied to Trirhodcma twtei for the selection of mv 



GENENCOR LEGAL PAGE 29/30 



CELLULASE EXPRESSION IN TRSCHODERMA RGESEl 1305 



proved ccDutalyuc industrial strain*. FEMS Syrap. 43:135-152. 
1U. Kt-GoR»ry, S., A. Ltltn, O. Crivellnm, n. JC CoetdRh. and H. EUDorry. 1980. 
Mechanism rty wtaich ccBuIoki triflstm; ccllnhinhydrolaM I gene esnr csaion in 
Ttidtvdcrma nod. Proc. Kntl. Act*d. ScL USA S*cOl38-ol<ll. 

3 1. El-Ct&tj, s-, A. JUHtr, a Crtv^nnro, H. BVDorry, and D. E. ICrrlrish. 1990. 

n&ci ^eJlulaw — from mutants to induction, p. znn-2i I.MCP, 
Kubteck, D. 1L BVctcJgh. IL Esterhauci, W. Stcleet, and n, M. Kubicck' 
Pranx (ed.). Trkhf*dama rcesd ecllulasca: hlnchemlstry T Rcnctic*, phyriolopy 
and applh^riruv. Roynl Society oi Chemistry, Cambridge, United Km^dom. 

12. Fowler, and R. l>. Brown. 1992. TliC b$U gone encoding e^trnccllulnr 
B-filucosldase BttOi JHrhaficmw rcati is required tot rankl induction of the 
ccQulasc complin Mn[, Micr^ml. &3225-?1^5. 

13. Fritscher, C, R. Mcsfttct, and C. P. KdbicriL 109a Cellnhinsc ractabofom 
and ccllohiohyclro1a.se I biosrnthcsB by Trkhodama rtexet R*p. MymL V* 
aOS-415. 

14, Canecdo. J. Mm and C. Gaactda. 19Br\. CnahoJitc r cp TC S tto n mutanu of 
yean. FEMS MiCfohii>l ( Rev, JXil79-lB7. 

15, Gong, C.-&, M. R l^idl^eh. and C. T. Tsao, 1979. BJosyntbesift, ouiiDcorion 
aad mode tyf. action of ccllulara of Wchodenttu man. Adv, Chcm. Scr, 
181:261-288. 

I fi, CrltxahV M» and R, D. Brrwn, Jr. 1979, The cethdapc avstcm of Ttickodetma: 
relatkmshtp between puriXkd (sxtrKecJIiOar enzymes bom induced or celhi« 
losc-grown cens. Adv. Chcm. Scr. 181t237-26a 

17. nmca, M M C XtmnCf and M. Penttaa. 199n. The glucose nftpngfr wr pene err.} 
uf Trichixirrmtr, frolnliun and cjqjrewdon of a fuO luifrih and n iruncaied 
nnitnnr form. MoL Ocn. QcncL 251:451-460. 

IK. Omen, ML M.-L. Oancla. SL KHdiidaJ, S. Kcrftacn, and M, PtnttflS. 199d 
Puuetiunul analysis of the edhih^ihydrolwe 1 promoter uf the JUamcattnu 
fungus THchodcrma rcwS. MoL Gen. Genet 253303-314. 

19. total, M. K. M. 5. SidlKL D. K. Sandnn. and R Sftndbu. 1984. Produc- 
tion and regulation of cnllUKum in liU/wdcmM nxrei. AppL Mkrublct). 
Blntechnnl. 20; 427-429. 

20. Kattcrk, C P. 1987. IcvoJvcmcflt nr a ci^dh] and a plasma aonhranc- 
bound p^lueosidasa in the induction of endoghicsnjite syathajt^ by eelluluse 
in lyichodemsj read. J. Gee, MJcroWnl. 153:J4R1-]4R7. 

21. KubJcok. C P. 1991 From cclluVwc to ccilulafic inducers: fiicts and fiction, 
p. 181-lfiR. tn P. Swmmcn and T. RclnJlcaincQ (ed.), Prncccdinirs or the 
Second TKJCEL Symposium on Ttkhotkmui react CcQulascs and Other 
llyrtrntesca. POundation for Biolcchnienl unH Jndpmfal Fermentation Re- 
Fcravb. HeWald. Finbmd. 

22. KuMcek, C. P., C MOhlbaacr, M, Riots, E. John, and E. M. KuMcdfrPraaa. 
1988. PropcrtiiJ* Kit a ronWial-bovnd ccDutasc enzyme system from Tri- 
chtxkrma m**}, J, Gen. Microbiol. 134:1215-1222. 

23. KpftfcrJb a P., & Mwantr. P. Gmfttr. R JL Mach f and E. M. Knhfetk. 
Franz. 1993. The Ttidtniizjmn ccthilwtc regulatory puz^a: fiom the mtctinr 
ft!c of n .tccneioTy ftmgus. Enzyme Mfcrob. TCLbnol. J3fltW9. 

24. Kahnfamx P., M. MaihJ«v C. Dam. J. RcUy, and B. Fdaabok. 1993. 
Spccinc binding sites In the afcR and olcA promoters of the ethannl region 
for the CRHA rcpTcsanr mediating carbon catabollte repf LXSai n is A*pcr?,#~ 
Ail nidutnn*. Mol Micn»bUd. 7^47-857. 

25. Linto, M, P. MartduraMv M. Bailey, and M. WfoIh, 1978. Production of 
eelhilnses and hemieelhilascs by Trichaderma vmdc, p, 329-350. In T. K. 
Ohwe (ed.), Bioconver.^tm of tcjjalosk substances into energy, ckemhal* 
and microbial ntotem. Indian Insn'tute of Technology, Delhi, India. 

2f\ Maeb» HUB. SdboCh. A. Myasnikev, R Gomalez. J. Strauw, A. Ebridd. 
and t. P. Knbawk. 1995. The bgll gene of Tnehottcrma reesd QM9414 
amende;: an extraccUuiai. cellulose^tndSxeihlc B-giucoaidnac Involved In ccDu> 
lasc mdnctlrm by sophnffve. MoL MicrnWoJ. ldt6R7-69?. 

27. Mandets, WU and E. T. Reese, 19(H). Induction ut cclhOaK in fungi by 
ucllobiott. J. Bacterlol. 79tit)rt-JJ2a. 

28. Mand*U, M, p. W. Pnrrisb, and E. T. Rtese. 1962. Sopborosc as an Inducer 
uf cellulaac la THvhodtrma virfdc J. Bacterid. 83:400-408. 

29. Mandetsy M, J. Weber, and R. Parirek. 1971. En aboard tctlnlase production 
by a mutant of Trick&lamn viridc. AppJ. Microbiol. 21:152-154. 

30. Matheued, B.» Jr^ P. Hcorique-Sllva. S. El-Geanxy,. C H. R Rossini. A. 
Ldte, J. Baenhar Vara, J, C Carta Urimftft, <X CrfYatlaro, and & EUDorry. 
1903. SttWrtUTO, organization and promoter Cjpfcsnon of the actin-encoding 
gene in Trkhodemm nxw. Gene 161:1 0?M06. 

M. Messn*r, R, and CI P. Rnhfeok. 1991. Carbon stmrcc control of ccUotnohy- 
drolase I and ft formation by Trichodemto rvcxa. Arm). Environ. Microbiol. 
57:fBO-63S, 

32. Mcisxuz, EU E. M. Rnfak^Pranz, A, Csnr. and & P. KnhJcefe. 1991. 
CcBobmhydrobRO H is the main commal-bcmnd ccllubjic hi rriefcoderma 
«e.«i and other THcHodama strains. Arch. Microbiol. 151:601 -fiOfi. 

33. Mnmicmccfarv 6. &, and D. K- RvcleWu 1977. Preparation of mrnimTj of 
l>ichvdtmta rarxei «ilh eabunved ccDulaae pruUucllim. Appl. Environ. Ml- 
croWoV 34:777-782. 

34. Nok»ri-S«rnJa, T„ N. Arc M. Ibm*n. G. Murtnt. M KnOiklnrn, and M. 
PenttUL DilTcrctitKil expression of the vc0etst»vc and nxv e-bound bydro- 
photiins of THchAdcnna rec?ri; cJonme and chatacternRaiinn nf the hfl>2 eenc. 
Submitted lor nublicatinn, 

35. Nrhlbs, J. CK and Ronne, 1990. Yeast XflC?l reprcwor is related to Hat 



PAGE 29/30 1 RCVD AT WO/2006 3:34:37 PM [Eastern Daylight Time] 1 8VR:USPT0-EFXRF-3I15 1 DNIS:273830O ' CSID:650 845 6504 • DURATION (miHS):1248 



t 



05/30/2086 12:33 650-845-6504 



GENENCOR LEGAL 



PAGE 30/30 



1300 ilm£n et al. 



itiMmznnlian early fcjriKv-tti rofxmw; and Wilnw* tumour ftngtf pTuLeiflx. 
EMBOJ,*2891-2898. 
30. Newtalnoi, K. M. R, ud E. 1. Palva. 19711 production of extraeertrjhjr 
enzyme* id mutants isolated Dram Ihehntlettna rfride unable tn hydmlyxc 
ccDuIosc. AppL Environ. Microbiol. 35:1 1- J rt. 

37. NirimWB, T., H. Sttkaki, WL Nmknymma, and K. NtitanwR, 197J. tudUCtrvc 
formation of ccUulasc by wphorow in TrrcWc/uw Wnrfc. J. BJochcm. 70: 
375— 3R5. 

38. PentUIQ, P. Lchtomu*. H. NoaUrnea, R, BfcUthabbaL And J, Kiwwlttk 

198cl Homology between ccJlulwc gcncn of THchodcratn react: oorankte 
nucleotide iuquuncu »H iha endituhiennKW ] gene. Gene 45:2S3-2fi3. 

39. Ptnrrilfl, M. Eh L Aadrc, M. S«lnh Hn«, P. Lrferovaara, and J. K C 
fcjst*rtG!L 1987. Exprexritm nf hwx> Trichndc*m rcuci cndogluconucB In flic 
ycasl Stttxhntofnyctr ctrrvvriar.. YcajK 3:175-185. 

4a renttllfl, m. s., L. Andrf, p. r^htcmnrR, ML Balky, T. T. Twrl, and J.K. C 
KfiDWlea. I9fi8. BCQcionl aeererino nf rwn FimpJ QoUr^nrtydrolara by 5oc- 
cAowin**i tfravfeote. Gene 63:103-1 12. 

41- PenKiliL M., T. T. Tfcert, «. Nrvphtof n, and J. Kivowlca. 1091. The molec- 
ular hintnaj THcftad^nrm rcesef end Ha application 1o hioiccluioJogy, p. 
R5-M2, />r J. P. Pcbcrdy, C. E. Catcn, J. E. Oftrien, and J, W. Bciroctt (cd.J. 
Applied molecular genetics «r Cutj K i, Cambridge Umwroly Ptcm. Cam- 
bridge, United Kingdom. 

42. PtatiilS, M, A. Salnhifa*, M Dmto. and ML. Otiftela, 1993. RegidaHon 
of tilt eXpresxam nC 'Inchndama ccJIuIhmc* al mKJNA and promoter level, 
p. 189-197. in v, Sunmincn and T. RcUukainco (cd.). Proceedings of thp 
Second TRICOT. Sytnponvxn on THcfiodcrmn rtesd CoUulaac* and Olher 
Hydrolases. Fnundntkm. for Biotcchuical and Industrial fermentation Re- 
search, Hekinli, Fmlnnd, 

43. Rojcr, J. C and J, P. Nnta*. 1900. Inter relationship nt xybeasc intlncfinn 
and ccUuItoc induction Ol THcItodertnti bmf^hracJvattfm, Appl, Cnviran, Mi- 
crobiol. 5fc2535-2m 

44. Salofatimo, A^ b. Hcnvfesat and M. Peattttfi. 1993. Small cndaglucanase 
from Trkhodamn mxi. cloned by expression In yens!, p, 139-146. Jn P. 
Suomfncn and T. Reuiikainefl (ed.). i^uceedixigK of the Second TK1CEL 
Rymno^um oa ThOtodcrma read CcDulascs and Oilier tlydroln.w. Fovu- 
dadnn fnr Btntcchnlcal and IndLuttri.A] Formcntalina Rcwarch. Hchinki, 
Pin] and. 

45. Salaatimo* B. Hcnrtamt, A,«M. BofMa, O. Telcman, and M. Panttiio. 
1994. A novel, SttIqH cndnphtcwwpc gCOC Q ft. ftom Tnehodenm rccra 
Isolated by LxpTrraion in ycrod. Mol. MlcrobioJ. T3£19-22K. 

4d SalMMima, P. Lvhtwfflni, M. Ptaltila\ T. T. Teeri, J. Rtfihlhcrx, G. 
Johjnsinn, G. Pet torsion. M. Okjumi, P. Trimmc, mnd XE.C KnoifieB. 
19^9. £Gin. a new cndoglucanaxc tutm Tnchodcrmo read', the cnaractor- 
tXHtku) of both tfene nnd enstyrnc. Gene 63:11-21. 

47. .Samhnrok, J„ E. F. Frttsch, and T. ManintiK. I9$y, Mokcutar dorangr a 
laboratory manual, 2nd cd. Crfd Spring Harbor Laboratory Press, Cold 
Spring Harbor. N.Y. 

48. Sbclr-Ndfls, G* and B. 5k Muui cn ewjw l 1984. Charatricmalinn of the 
secreted cellule of TncfmOcrma recsei wfld type and mutants dm itig cor> 
tmllcd fcrmcntntians. AppL Microbiol. DkUcchnnl. 20:46-63. 



AFPr- Enwron. MicRORini- 



49. Shoemaker, 9- 1% J. C Roynioad, trad R. Brtrocr. 1081, Osllolrtscs; dtvur>iry 
amnnps-t imprnyed Ttichndcmta Mmins p. 89-109, In A. Hotecndcr cf nl, 
(cd.), Trend; ro the biology of fomcntatiotu for fuels and chemical*. Plenum 
PutoUnins Crtfp., New Yirrlt, N.Y. 

ML SWmakcr, 5., v. Sdhwefckwt, M- Uftner, P. GcU&wl. & Ks*vK My- 
umbo. rtmI M. InnK 1983. Mokcolar cloning of CKO-cellobiobydrolaitc 1 
derived fri.trn 7WcAorf<77wa rcw«? n^m L27. KoTrcuhnolocy 1?691^5P5. 

51. Sicrnbrrc D.. and G, EL Mandcb. .1979, Inditctinn nf ccllulalytic ciwymcji in 
Tricfmdcrma mere? bv urrphnnrsc, J, Baetori«>], I3fc7fil.-7*W. 

52. Strang J.. R Much, S. Zcillngur, Q. Mfifltr, M. Wol«Ack, and C P. 
Kubkck. 1995. Orel, the carhim cataboliio reprennr priitctn fmm 7n* 
chodcrma rtew/. FEDS Lett. J76il(P-lu7. 

33. Ta km him a, 3^ A, Nakananra* IL lifcuro, SL Maaald* mid T. Umnmi. 109fi. 
Uantng ot a gi;no cncodlag u putstlvc carbon ealaboUle reprwior trom 
TyirJmdamo trend. Biosci. Biotcdmol. Biochcm. 6*0:173H176. 

54. Te«ri t T., I. Snl nnwrt, J. Knowle^ 19KI, THo rrtnlccnlrjj elnrilnp or the 
major celtutnc gene from Trickrxkrma nsraf, BiiVTeehnoln^y l:ft9fWV99, 

55, Teeri, X- P, LcbtOTRHra, S. Kmrppincn, H. SaUmnrri and J. BUvcwlcs, 
1987. Homologou* domains in Trichodemto rcctci cellulorytic cmyracK gene 
sequence end expression of ccllobiohydrolosc Gene 51^?3-52. 

54 TVeri. T. T„ M. PcnrfilaL S. Karflnes, H. NtvalatiMn, and J.K.C. Knowles. 

1992. Structure, fuaction, and gone tics of celiulaitcs, p. 417-445. in D. fl. 

FJnkclsteln and C. Ball (cd.). Bintechno1n£y of fibmenuru* fiinei. Butter- 

wnrth-IIclncmnnn, Stoncham. Mass. 
57, UntUc. C and C. P. fCiibicefc. 19K0. A constitutive plictma^ox-aabrane buund 

B^leccKidnjp in TricJiwiemw read, FEMS Microbial, Lett, 34:291-295. 

Vahrri WL, M. Ldioln, audi V, KRnpplnan, 1979. Tranaglycosylatjon prod- 

uClft ftl CcMdIMl xyidem nf TYxhrtdcrma nrcjrr. Birjtcchnnl, JjcVI. J.i41-^fi r 

59. Vdbcri M. P., M. B. O. VshcrL and V. S. Kanppinox 1979. FijrmaUun and 
release of ccUnlolyric enzymes during growth of THchodtma reati on cd- 
lobiose and glycerol. Eur. J. AppL Microbiol. BiotcchnoL 8:73-^0. 

60. nn Arsdcll, J.NL, S. Kwnk, V. L, 5Semvciekart, M. B. Ladaef, D. }\. GUfnnd, 
aad M- A Irads. 1987. Cloning, crwracturizatiun. and csprcwicm in Saccha- 

' romyeca ctwtsioe of cndoglucaoasc 1 Jrorn Dichodtum tttmi. Blo/Tcchnol- 
0£y 5:60-64. 

61. VnnhaiMd, S M M. PtnttiU, P. tehterar*. nnd J. Kn»<vte». 19R9. bolalinn 
and chameterizntion of tbc 3<pfco3phoglyccrarc kinase gene (prjfc) from the 
fllfimOfliOuH rtm^ut Trir.hrvir.rma Curr. Genet, 15081-lSft. 

61. Vanhanra^ S v A. SoloacUnn, M. Dmte, .7- K C Knowirs, and M. PesttUi. 
1991. Prrrmotcr ^lnir,tore and oairrwpron of the 3^r^borjfrccnrrc kinaw* 
encoding fjona fakt) of Trichodtrma reefd. Gem HW;129-133. 

r*3. Word. M„ G. Weiss, E, Larcnas, M. R«y, aad K. Clarkson. 1993. Cloning and 
DNA sequence of a gene encoding a low molecular weight ondoglucannse 
from TmJuMlKnna wwi absHr. A26. p. 52. tn Abstract* uf Ow 2nd InlernB- 
lional Syroposiran on TYichadema ccllnlascs and other hydrolases (Triccl 

W). 

64. Williamx. J. ti^ and P. J. Mnirm. 1.985. fiyhndimti nn in the nnfllyas of RN A 
p. 139-150. In B. D. Homes and 5. J. H^mna (cd). Nucleic acid hybridiza- 
tion: a practical approach. JKL Proas, Oxford, United Kingdom. 



PAGE 30/30 ' RCVD AT 51301201)6 3:34:37 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-3/15 ' DNIS:2738300 * CSID:650 845 6504 * DURATION (mm-ss):1248 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

« 

Defects in the images include but are not limited to the items checked: 



□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



>3-eOLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



